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PATENT APPLICATION 



AUTOMATIC MODE TRANSITIONS FOR MICROTURBINE GENERATING SYSTEMS 



BACKGROUND OF THE INVENTION 
Field of the Invention (Technical Field) : 

[0001] The present invention relates to control techniques and systems for generating mode 

transitions between grid-connected and standalone modes for microturbine generating systems. This 
field is unlike that comprising standard backup generators, such as diesel-driven generators, which 
typically have only two modes, on and off. 



SUMMARY OF THE INVENTION (DISCLOSURE OF THE INVENTION) 
[0002] The present invention is of a system and method for controlling a microturbine generator 

system comprising: providing a computer control unit; providing a utility power grid sensor input line to 
the computer control unit; and providing a utility power grid disconnect command output line from the 
computer control unit; and causing, via the computer control unit, automatic transitions of the 
microturbine generator system between at least four states, the at least four states comprising a 
generator standby backup mode, a generator standalone mode, a transfer to standby backup mode, and 
a generator startup battery charging mode. In the preferred embodiment, the at least four states 
additionally comprises a transfer to standalone mode. A utility circuit breaker status input line to the 
computer control unit is also preferred. The computer control unit in causing a transition to generator 
standalone mode causes the generator to start, disconnects the load from the utility power grid and then 
connects the load to output from the generator. The computer control unit in causing a transition to 
transfer to standby backup mode causes the generator to enter a power-down sequence, disconnects 
the load from output from the generator, and connects the load to the utility power grid. The computer 
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control unit in causing a transition to generator startup battery charging mode causes the generator to 
run, maintains disconnection of the load from output from the generator, and maintains connection of the 
load to the utility power grid. The computer control unit causes a transition to generator startup battery 
charging mode at periodic intervals. A contactor connects and disconnects the load from the utility 
5 power grid and is controlled by the utility power grid disconnect command output line. The contactor 
comprises an auxiliary contact for providing status of the contactor to the computer control unit via a 
utility grid disconnect relay status line. A utility grid disconnect-relay controls the contactor. 

[0003] Objects, advantages and novel features, and further scope of applicability of the present 

103 invention will be set forth in part in the detailed description to follow, taken in conjunction with the 

accompanying drawings, and in part will become apparent to those skilled in the art upon examination of 
! ™ the following, or may be learned by practice of the invention. The objects and advantages of the 
y invention may be realized and attained by means of the instrumentalities and combinations particularly 
hj pointed out in the appended claims. 

W BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The accompanying drawings, which are incorporated into and form a part of the 

P specification, illustrate one or more embodiments of the present invention and, together with the 
description, serve to explain the principles of the invention. The drawings are only for the purpose of 
20 illustrating one or more preferred embodiments of the invention and are not to be construed as limiting 
the invention. In the drawings: 

Fig. 1 is a state transition diagram illustrating the preferred operation of the invention; and 
25 Fig. 2 is a block diagram of the preferred control system of the invention. 
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DETAILED DESCRIPTION 
[0005] The present invention is of a method and system for providing backup power to site loads 

when a utility grid goes out of tolerance. The invention provides for automatic transitions between four 
states of a backup microturbine generator system: (1 ) Standby Backup Mode; (2) Standalone Mode; (3) 
5 Transfer to Standby Backup Mode; and (4) Battery Charging Mode (see Fig. 1 ). The invention 

additionally provides for certain procedures during transfer to Standalone Mode. Microturbines are high 
speed, single or dual shaft, low compression turbine-driven generators of electricity and/or other power, 
and producing up to about 500 kW. They are multi-fuel, modular distributed power generation units 
having multiple applications. 

1Q3 

[0006] Standby Backup Mode . To enter this mode of operation, preferably a "standby backup 

operation" bit should be set in a module configuration file (which also specifies other configuration values 
y set forth below) and a control keyswitch should be in the Auto position. In this mode, a system according 
i y to the invention will wait, engine not operating, but constantly monitoring grid voltage for over/under 
1 voltage (preferably approximately +1 5%/-20% of nominal value), over/under frequency (preferably 

approximately +1-5% of nominal value), and loss of one or more phases. The values can be tailored to 
''-■4 specific site requirements. 

[0007] Transfer to Standalone Mode . When grid voltage fails or is out of tolerance, a grid sensor 

20 waits a period (preferably approximately 10 seconds) for the grid to return to tolerance before sending a 
grid fault signal to the Central Computer Unit (CCU) of the invention. If the grid fault exists after another 
period (referred to as "Twait"), preferably user adjustable between approximately 10 seconds and 30 
minutes), the CCU automatically disconnects the load from the grid and at the same time starts the 
generator. The startup process may require enclosure purging prior to engine start and also a short 
25 period before the system is ready to load. 
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[0008] Standalone Mode . In Standalone Mode, the generator provides power to the site load. 

Preferably the system can also sequence power to a plurality of site loads (e.g., three loads) with delay 
times adjustable between the sequencing on or off for each load. This sequence is the same as when 
the site is started by the grid. This helps to ensure smooth generator operation in Standalone Mode. 

5 

[0009] Transfer to Standby Backup Mode . While in Standalone Mode, when the grid returns to 

tolerance the generator continues to run for a period (referred to as "T_standjnin", preferably in 
seconds) to verify the grid condition. The grid is considered normal if no fault is detected for a period 
(referred to as "Tgridreturn", preferably in seconds). When tolerance has been restored the CCU 
1£0 initiates transition to Standby Backup Mode by transferring the load(s) back to the grid. Referring to Fig. 
, R 2, this is preferably accomplished by: (1 ) causing K1 to open; (2) waiting a delay period (referred to as 
\* "K_refdly", preferably in milliseconds) before closing K2 circuit breaker; (3) optionally causing the system 
H to enter Battery Charging Mode. 

1 JLj [0010] Battery Charging Mode . Due to the possibly large amount of time between operating 

l J£ periods, the generator may be set to run at specified intervals (and/or after Transfer to Standby Backup 
\j Mode) to charge a start battery. For this operation, the generator would not close its K1 contactor or 
T~ isolate the load(s) from the grid. Rather, the generator would only run to charge the battery (such as for 
an approximate 30 minutes charge time or until the battery achieves proper state of charge for the given 

20 operating temperature). A preferred schedule would be once monthly for one hour. 

[0011] The preferred system 10 of the invention is shown in Fig. 2, comprising generator 12, 

CCU 14, K1 contactor 16, K2 circuit breaker 18 (normally open), auxiliary contact 19 (normally closed), 
K4 circuit breaker 20 (normally closed), grid 22, transformer 24 if required to transform system voltages 
25 to 208VL-L (208 volt line-to-line), 120VL-N (120 volt line-to-neutral), utility circuit breaker 26 

(uncontrolled), power to non-critical loads 28, power to critical loads 30, transient protection module 

-4- 



O D 

DOCKET NO. H0001697 

(TPM) 32, grid sensor 34, grid sensor line 36 to CCU, utility breaker closed status line 38 to CCU, grid 
disconnect control line 40, and grid disconnect relay feedback line 42, and other electrical elements as 
shown. 

[0012] The grid sensor is preferably a compact (2"x2 M ) encapsulated module which measures 

continuously the voltage of each of the three phases. It senses under and over voltage, voltage 
unbalance, phase loss, and phase reversal. The trip points and time delays are preferably fixed and 
calibrated, so no user adjustment is required. 

[0013] The K2 contactor is used to connect or disconnect an electrical load from the grid and 

provide feedback status to the CCU. This is preferably provided by a normally open Nema 5 contactor 
rated for 100KVA (as an example) with voltage rating depending on application (preferably from 
approximately 120 to 600V). The normally closed auxiliary contact is used to provide a contactor 
position status to the CCU in a 12 volt circuit via the grid disconnect relay feedback line. 

[0014] The K4 grid disconnect relay is used to control the K2 contactor. A standard 12V DC 

relay with 100mA SPST contact is preferred. The coil drive to the K4 relay is supplied by the CCU and 
should not require more than a set current load for activation via the grid disconnect relay control line. 

[0015] Grid disconnect relay control line is preferably connected through a transient protection 

module (TPM) and to the coil of the normally closed relay K4. The relay controls the isolation of the grid 
from the user loads. 

[0016] The utility breaker closed status line is connected through the TPM and to the normally 

closed contact of the utility circuit breaker. It indicates whether the utility circuit breaker is open or 
closed. 
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[0017] The grid sensor line is connected through the TPM and to the normally open contact of 

the grid sensor. It indicates whether the grid is operating within tolerance. 

[0018] The grid disconnect relay feedback line is connected through the TPM and to the 

normally closed auxiliary contact of the grid disconnect relay K2. 

[0019] Although the invention has been described in detail with particular reference to these 

preferred embodiments, other embodiments can achieve the same results. Variations and modifications 
of the present invention will be obvious to those skilled in the art and it is intended to cover in the 
appended claims all such modifications and equivalents. The entire disclosures of all references, 
applications, patents, and publications cited above are hereby incorporated by reference. 



